Studies that investigate the relationship patterns between environmental structure complexity and fish fauna provide crucial information to stream restoration efforts. In order to test the hypothesis that streams with more complex environmental structure sustain more diverse and functionally more complex fish communities we sampled fish fauna from Sorocaba River headwater stream reaches (SE -Brazil). Reaches represented two distinct treatments: (1) a simplified reach, characterized by unstable fine substrate, clay, deeper channel and higher water velocity and (2) structurally complex reaches, characterized by coarse substrate, with gravel, pebble, rock, stems and branches and leaves inside the channel, producing a diverse pattern of microhabitat, associated with sequences of pools, runs, and riffles. Both trophic structure and taxonomic composition varied significantly between treatments. Invertivorous trophic group exclusively occurred in structurally complex reaches, which also presented greater diversity and species richness. We suggest enhancing in-stream environmental structure that suffered simplification processes due to human impacts in order to reestablish fish communities and ecossistemic functioning.
Introduction
The diversity and richness of stream fishes can be influenced by many factors operating at multiple scales (Schlosser, 1987) , including local/contemporary and regional/ historic levels (Marsh-Matthews & Matthews, 2000; Hugueny et al., 2010) . The distribution and abundance of populations on fish assemblages result from a combination of historical, evolutive and biogeographical processes, which produce local contemporary responses to environmental variation that also involves biological interactions with other species (Winemiller, 2010) . It is expected that streams from the same basin have experienced the same historic, evolutive and biogeographic process, thus local and contemporary characteristics become more important to fish community's organization.
Though close regions supposedly present less environmental structure variation compared to distant regions (Toepfer et al., 1998) , in-stream habitat features might vary among nearby sites. One of the most influent in-stream diversifier elements source is the riparian zone vegetation, which provides leaves, branches and wood debris (Casatti et al., 2009) . The combination of these elements yield complex microhabitat patterns that coupled with alternated mesohabitats as riffles, pools and runs, may sustain high species richness (Casatti et al., 2009) .
The interception and release of terrestrial matter to aquatic ecosystems by riparian vegetation generate important consequences for stream fish, once it constitutes the main energy source for those systems (Pusey & Arthington 2003; Tedesco et al., 2007) , especially for unstable environments, as headwater streams (Schlosser, 1990) . The length of food chains ( i.e., number of trophic levels or trophic transfers) is determined by energy availability in biological communities (McHugh et al., 2010) . In this context, studies that investigate the relationships between environmental filters and trophic groups are of great pertinence, once they supply information about communities functioning and might help to understand species response mechanisms to environmental simplification (Poff, 1997) .
In order to obtain balance in communities functioning the presence of all fundamental trophic levels required to energy and nutrient cycling is essential (Terborgh et al., 2010) . Typically species richness increases with stream size (Pease et al., 2012) . Patterns of trophic diversity in stream fish assemblages are expected to be similar (Schlosser, 1987) . In general, smaller streams, with low species richness, maintain less rich trophic levels when compared to streams of greater size. Whilst the stream size increases, resources and different niches become more available, thus allowing the coexistence of species from the same trophic level (Tedesco et al., 2007; Villéger et al., 2010) . Therefore, the loss of one species to a certain trophic level in streams with high richness is less catastrophic, once the redundancy in energy cycling is elevated. Conversely, in upland small streams one species loss might represent the deletion of an entire component of the food chain, compromising ecosystem functioning.
Studies that explore those aspects of communities' structure and dynamic can detect patterns and improve our ability to predict responses of natural communities to environmental change (Pease et al., 2012) and might also contribute to restoration plans. Although its importance, this type of studies remain underexploited in Brazil and are considered promising topics for future research, along with other functional aspects (Casatti et al., 2012; Pease et al., 2012; Teresa & Casatti, 2012) . This is of great concern to southeastern Brazil, where the advance of agriculture, livestock and urban areas throughout the decades has resulted in many impacts to aquatic ecosystems and biodiversity (Uieda & Motta, 2007) . Therefore, in this study, we tested if headwater streams with the same historic, biogeographic and evolutive context, but different levels of habitat complexity, sustain similar fish assemblages structure and ecossistemic functioning (Gorman & Karr, 1978) .
Material and Methods
Study area. The studied streams were tributaries of the lower Sorocaba River, in the upper Paraná River basin, southeastern Brazil. The lower Sorocaba River drains 3,137 km 2 at an average 1,028 m above sea level (Marciano et al., 2004; IPT, 2006) . The climate in the basin is predominantly tropical with an annual rainfall of 1,428 mm and with dry winters (April to September). Maximum and minimum temperatures average are 26.6ºC and 16.0ºC, respectively (Marciano et al., 2004) . Each sample site consisted of a 80 m long reach, in first to fourth order streams ( Fig.1A and B) . Streams reaches were selected based on accessibility and aiming to include a diverse representation of physical habitat characteristics along gradients of riparian zone composition, stream width, mesohabitats and substrate composition. Reaches were investigated twice during the dry season in September, 2009 and October, 2010, except for TT1 and TC, sampled three times during the same period.
Fish collection was performed during daytime using a single upstream passage of electric fishing (stationary generator, Yamaha, model EF2600, 2.3 kVA, 60 Hz, linked to a current rectier), without containment nets upstream or downstream. All fishes were xed in 10% formalin, preserved in 70% ethanol after 72 h, and identified to species with taxonomic keys and assigned to one of four trophic groups (herbivore-detritivore, omnivore, invertivore or carnivore, according to Lorion & Kennedy, 2009) and based on previous studies (Abelha et al., 2001; Casatti et al., 2002; Oricolli & Bennemann, 2006; Oyakawa et al., 2006) . Vouchers were deposited at Museu de Zoologia, Universidade de São Paulo, and Departamento de Zoologia e Botânica, Universidade Estadual Paulista "Júlio de Mesquita Filho", câmpus de São José do Rio Preto, São Paulo, Brazil.
Data analysis.
We used one-way ANOVA resampled without replacement (Gotelli & Entsminger, 2012) to investigate the effects of reach environmental complexity on assemblage structure and functioning. The comparisons were made based on species and trophic groups' densities (individuals/ m 2 ), as well as Shannon's (H'), Pielou's (J') and Margalef's (Mg) indices that were calculated using diversity modules available in the PAST™ ecological software package (Hammer et al., 2001) .
We tested the significance of Pearson correlation coefficient in order to access relationships among certain diversity indices and trophic groups' density and answer the following questions i) is there an effect of carnivores density ( i.e. predation) in assemblage richness? ii) Is the omnivore density independent from assemblage richness ( i.e. we expected that more disturbed reaches present lower richness value and higher omnivore density)? iii) Do the aggregated distribution of invertivores affect assemblage equability? Relationships between environmental complexity and fish assemblage structure were evaluated with ordination methods. To ordinate reaches according to species composition and trophic groups a Non-Metric Multidimensional Scaling Analysis (NMDS) was performed on PAST™ statistical package (Hammer et al., 2001 ) using the Bray-Curtis similarity coefficient. The significance of the patterns provided by the NMDS was tested by a non-parametric Analysis of Similarity (ANOSIM) with 10,000 permutations (Hammer et al., 2001) . Invertivore density was not considered in the analyses once this trophic group only occurred in the treatment group.
Results
A total of 429 individuals were collected, representing 16 species, 10 families and five orders. Organisms presented small body size (Length Standard < 15 cm) (X LS P = 7.6 cm; s LS = 5.4 cm), except Gymnotus sylvius, Rhamdia quelen, and Hoplias malabaricus. Regarding richness and abundance characiforms and siluriforms were the most representative orders (Table 1) .
Our results indicate that environmental structure simplification has a consistent effect on the taxonomic and functional structure of stream fish assemblages in the study area. Treatments showed statistically significant differences. Fish density varied significantly among reach types and was higher in more complex and diverse streams (p = 0.04). Species richness (p = 0.04), and consequently, diversity displayed the same pattern (p = 0.05). Conversely, reach types did not influence equability and trophic group densities (Table 2 and Fig. 2) .
Our results did not completely meet our expectations as some predicted correlations were not statistically significant (Table 3) . Carnivore density was positively correlated with species richness (p=0.02), whereas omnivore density did not show significant correlations. On the other hand, invertivore density was negatively correlated with assemblage's equability (p =0.03).
Non-metric multidimensional scaling ordinations of sampling sites (Fig. 3) supported the conclusions of ANOVA tests. Reaches with more complex environmental structure consistently grouped together in the multivariate space, forming a distinct group from the simplified reach when considering taxonomic (p=0.008, R=0.92) and functional structure (p= 0.008, R=0.86).
Discussion
Results from this study suggest strongly that environmental simplification is important in controlling variation in suites of fish assemblage structure characteristics. Differences found in total density among reach types contradict other studies, which reported higher density of fish in disturbed environments (Lorion & Kennedy, 2009 ). The authors argument that this pattern is due to the increase of species with generalist trophic characteristics (Abes & Agostinho, 2001; Casatti et al., 2009) . In disturbed sites, where there is low availability of preferred food item, species with the flexible diets have advantages (Uieda & Motta, 2007) and appear to be less vulnerable to the effects of deforestation (Lorion & Kennedy, 2009) . However, our results show that total density is higher in reaches with preserved physical structure of the stream environment, due to high invertivore density.
Species diversity and richness are also in contrast with other studies that provided some theoretical expectations regarding communities' structure in streams across environmental gradients. The simplified reach is a fourth order stretch and, according to the River Continuum Concept (Vanote et al., 1980) , it is expected larger area and energy availability (Pease et al., 2012) . Based on this concept, fish diversity and richness were expected to be greater in that reach, once there are more niches and species with different resource exploitation strategies (Vannote et al., 1980 Table 2 . ANOVA results for total fish density, trophic groups and species diversity for both groups of streams (n TC = 3; n TT = 7). F obs = calculated value, X Fsim = average of F after 1,000 resamples, s 2 Fsim = variance of F after 1000 resamples and p = exact probability. H' = Shannon Index, J' = Pielou Index, Mg = Margalef Index, Car = Carnivores, Herb-Det = Herbivores-Detritivores, Omn = Omnivores. The *sign designates statistically significant values.
Nevertheless, this pattern did not occured. Thus, although the longitudinal effects are important to structure fish assemblages, they were not the main determinants of the differences found between reach types. Therefore, the variation was mainly due to differences in in-stream and margin banks variables. This conclusion is based on local habitat conditions and regional factors influence (Hoeinghaus et al., 2007) , especially regarding environmental heterogeneity (Casatti et al., 2009; Dias & Tejerina-Garro, 2010) . The geographic proximity inserts the four reaches in the same historical, biogeographical and evolutive context, albeit the local environmental impacts are from distinct sources and present different intensities. The simplified reach is located nearby crop, urban and landfill areas, aside the access road. These factors might be associated with riparian zone removal, resulting in less armored stream banks against erosion and sediment input mediation (Pusey &Arthington, 2003) , increasing sedimentation rates of the channel (Casatti et al., 2009) . Reaches with more complex environmental structure did not suffer as much direct impacts, because they are not close to human activities. One of them, for example, is located inside a private property, what might constrain human access to the reach. Hence, each reach group is subject to distinct environmental pressures, meaning that the ecological processes and biotic interactions respond in distinct ways (Fialho et al., 2008) as observed for communities' structure and trophic organization.
The exclusive occurrence of invertivorous species in environmentally complex reaches is probably due to substrate diversity. Coarser substrate associated with allochthonous organic matter (e.g., large woody debris, leaf litter) favor invertebrate communities establishment, which sustain invertivorous species such as Imparfinis schubarti, Cetopsorhamdia iheringii, and Trichomycterus iheringi (Pagotto et al., 2011; Rosa et al., 2011) . Characidium zebra, an invertivorous, stealth predator species, showed the same afore mentioned pattern. These species, among other from Heptapteridae (Pagotto et al., 2011) , Trichomycteridae (Uieda & Pinto, 2011) and Crenuchidae families (Braga & Gomiero, 2009 ) might be considered specialized, once they are strongly subordinated to specific niches availability in the system. Thereby, changes in environmental conditions that alter specific niches may deeply affect those species (Villéger et al., 2010) , as observed for the simplified reach. In this case, the sandy substrate represents a homogenous environment, precluding life litter and invertebrates accumulation, which Table 3 . Coefficients of the linear correlation (r obs ) between carnivores' density and species richness (Car-S), omnivores density and species richness (Oni-S) and invertivores density and equitability (Inv-J'). X rsim = average of r after 1000 resamples, s 2 Fsim = variance of r after 1000 resamples, p = exact probability, * = statistically significant values and n = sample size. are washed away (Casatti et al., 2009) . In these environments, where food resources are highly variable, only species with opportunistic strategies and omnivorous diet, mid water swimmers that feed on drift items, such as Astyanax eigenmanniorum (Uieda & Pinto, 2011) , have enough resilience and resistance to persist, since these characteristics enhance their change of survivor (Pease et al., 2012) . This suggests an important role for reach-scale filtering of trophic traits and species by geomorphological and hydrological characteristics as described by Poff (1997) . Invertivores and equability negative relation in structurally complex reaches might be associated to various invertivorous species in the same area and due to Imparfinis schubarti dominance in fish assemblages. The invertivorous species coexistence is a result of adequate resources amount, provided by the environment coupled with species' morphological and behavioral characteristics that differentiate minimally their niches, independently from species phylogenetic relations (Leal et al., 2011) . For example, Imparfinis genus consists of a nocturnal substrate speculator, while Trichomycterus genus speculates during the day (Casatti, 2002) . Whilst Characidium genus includes species that feed during the day, their feeding tactics are stealth predation (Casatti, 2002) . The distribution of the environmental conditions that allow these species occurrence is highly aggregated along the stream channel. Those species are mainly restricted to riffles habitats, producing an aggregated distribution pattern and consequently low equability, as herein observed.
On the other hand, the positive relation between carnivores and richness can be explained by trophic cascade effects (Terborgh et al., 2010) of top down regulation (Tedesco et al., 2007) , that increases richness through predator mediation. Top-predator carnivorous species ( i.e., Hoplias malabaricus and Rhamdia quelen), reduce competition in lower levels species, maintaining population below their carrying capacity and enhancing coexistence (Novakowski et al., 2007; Tedesco et al., 2007) .
The lack of invertivorous species in the simplified reach can be interpreted as a sign that community functioning is impaired (Villéger et al., 2010) , once there is a lack of one component on the food chain. This suggests that energy distribution among food chain in the reach groups is not the same (Terborgh et al., 2010) .
Based on the fact that communities functional characteristics reflect ecossistemic processes and/or ecosystem stability, through resistance and resilience (Villéger et al., 2010) , we can assume that the simplified reach is disturbed and its integrity and health are long term compromised. The lack of biotic components diminishes its capacity to resist and recover from environmental disturbances (SER, 2004) .
The information provided by trophic groups' analyses is essential to demonstrate the importance of an integrated approach of communities' structure in order to produce an accurate diagnosis. In certain cases, trophic groups comparisons are more advantageous than solely species richness and diversity analysis per se (Villéger et al., 2010) , specially for communities with distinct species composition or with similar equability and richness values (Cunico et al., 2011) . Therefore, species or trophic group quality ( i.e., species functional role in community dynamics), might provide more accurate information about environmental integrity and realistic needs to support restoration actions.
Given our results, we can suggest two basic and urgent restoration actions for the simplified reach. First action involves in-stream recovery in order to increase mesohabitats and microhabitats complexity. Steams, wood debris, leaves and different sized rocks, arranged in various angles in channel's bottom, might enhance shelter availability without interfering in species dispersion (Cowx & Welcomme, 1998) . Same elements could be used to armor stream banks coupled with tree and shrub species utilization would diminish sediment input to the channel, responsible for smothering of coarse gravel beds (Sonoda et al., 2011) . In this scenario, rockier substrate alternated with small impoundments and higher velocity flow would enhance stream's environmental heterogeneity (Casatti et al., 2009) .
Second proposition relates to riparian zone conservation with minimum human interference, promoting natural regeneration and allowing it to fulfill its role as a buffer zone to aquatic system. In a long term, a well-structured riparian zone is capable of protecting the aquatic environment and preserving water quality from nearby region (Sonoda et al., 2011) . In addition, it can provide allochthonous organic matter inputs (e.g., large woody debris, leaf litter, terrestrial insects) that serve as food and habitat for stream organisms, as fish communities (Pusey & Arthington, 2003; Casatti et al., 2009) . At last, it is essential to ensure that these streams are connected with preserved or less disturbed ones that might act as native species sources, favoring species dispersion and the establishment of long term populations (Sundermann et al., 2011) . In synthesis, our results indicate changes in fish assemblages with stream environmental homogenization pointed out by differences in species diversity, richness and trophic groups composition. The identification of specific biodiversity components that probably reflect stream disturbance may be useful for monitoring environmental quality of similar ecosystems. We suggest enhancing in-stream habitat complexity and conserve riparian zone vegetation, in order to increase resources and energy availability in the system, using components of the fish assemblages highlighted herein to monitor the success of such efforts. We believe that these results are of great importance to the management and restoration of freshwater ecosystems and to monitoring the health of upper watersheds.
